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Discharges Associated with Ship Based
Operations

• Cooling water (Main and Aux. Condenser)

• Safety (Water Curtain, Fire Control)

• Sanitary (Black and Gray Water with MSD)

• Ballast water (Vessel stability)

• Potable water (Freshwater supply)



Basis for Ship Based Discharges

• BOD, COD, TOC, Ammonia levels from USEPANature of
Discharge Studies for the Cruise Ship Industry and US
Navy vessels - variable size classes

• Fecal coliform based on MSD efficiency and PREQB
standard .

• TSSand pH based on available data from NOAA buoys
and PREQBstandards

• Applied maximum and mean values from discharges
measured in USEPAstudies
- Data gap - characterize ambient concentrations and

establish background concentrations
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FSRU Overdeck Discharges
For presentation purposes only; Not to scale OF003 A/B

Water Curtains
OF007 Discontinuous
Fire Control Testing

Stormwater +

Water "S"" ;.,
CEltDW._r

Curtain



General Arrangement of Subsurface
Discharges - Stern View

Port Starboard

OF006A
Ballast

Port OFOO2Aux.
Condenser Condenser

Cooling
Freshwater
Generator

OFOOS
Sanitary

Condenser

OF006B BallastBackwash

Starboard



Cross Section Port-Starboard
Discharges
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FSRUSubsurface Outfall Locations

OOlA IMain Condenser I Port 132m
Cooling

001B IMain Condenser IStarboard 139m
Backwash

002 IAux. Condenser I Port 144m
Cooling
-

004 IFreshwater I Starboard 150 m
Generator

005 I Sanitary Starboard 28m

006 I Ballast Port/Starboard 45 m/47 m



FSRUThermai Plume Orientation
For presentation purposes only; Not to scale

OFOOl Thermal Plume 7'
~ OF002 Thermal Plume -
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Thermal Discharge

• Outfall 001
- Located approximately 32 m from propeller

housing on stern

- 56 MGD

- Delta T max 120C
- Estimated point maximum discharge temp. 41 oC

- Discharge rate of approx. 4.4 fps

- Momentum based plume



FSRU Visual Plumes Model Outfall 001

Horizontal
Ambient Distance to Meet Depth to Meet

Discharge Velocity, Criteria (32.2° C / 900 Criteria or to Criteria or to
Depth, (meters/ F) or Bottom Impact Bottom Impact, Bottom Impact,

Case (meters) Second) Temperature, (0 C) (meters) (meters)
1 5.3 0 32.2 12.2 9.6
2 6.35 0 32.2 12.2 10.7
3 7.4 0 32.2 12.2 11.8
4 5.3 0.1 32.2 6.3 9.6

5 6.35 0.1 32.2 6.3 10.8
6 7.4 0.1 32.2 6.3 11.7

Visual Plumes is an approved model by EQB
Horizontal compliance within 12.2 m and 6.3 m at 0 and 0.1 m/sec current speed
Vertical compliance within 9.6 m to 11.7 m at 0 and 0.1 m/sec current speed



Main Condenser Thermal Plume

• Predicted plume meets predicted EPA
standardized mixing zone application model
No high speed diffuser applied in model

• Non-modified discharge

.



Thermal Discharge Characteristics

. • Outfall 002
- Located approx. 6.5 m forward of OFOOl
-6MGD
- Delta T max approx. 30C

- Discharge rate of 6.7 fps

- Buoyant discharge



FSRUOutfall 002 with Jet Lag Model
at 0 and 0.1 m/sec current speed

Thermal Signature - 0 m/sec
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Discharge 2 Vertical Plane View.
Jet origin 6.3 m below surface
Orientation downward at 45 deg
Water Depth 19.2 m
No Ambient Current

-9 I I I ! , ! ! ! , 1 ! , , 1 ! ! I ! , ! , , I , , , ! ! I , ! 1 J

-1 - • - - • ~ - -

Horizontal Distance From Jet Origin, meters

temperature

42
41.5
41
40.5
40
39.5
39
38.5
38
37.5
37
36.5
36
35.5
35
34.5
34
33.5
33
32.5
32
31.5
31

Thermal Signature - 0.1 m/sec
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Discharge 2 Vertical Plane View.
Jet origin 6.3 m below surface
Orientation downwa rd at 45 deg
Water Depth 19.2 m
10 cmls Ambient Current
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R 42
41.5
41
40.5
40
39.5
39
38.5
38
37.5
37
36.5
36
35.5
35
34.5
34
33.5
33
32.5
32
31.5
31
30.5
30

~ca -5
't:
::::I
CI)

~;B -7

..9' , t !" , !, ! ! " I ! ,I " !" ! I I ! ! " , , "

-2 • - • - - • r- -

Horizontal Distance From Jet Origin, meters

Visual Plumes not evaluated due to limitation on buoyant
plume effect. Jet LagModel applied.



FSRU Jet Lag Model Outfall 002

Ambient Criteria (32.2° C / Horizontal Distance Depth to Meet
Discharge Velocity, 90° F) or Bottom to Meet Criteria or Criteria or to

Depth, (meters/ Impact to Bottom Impact, Bottom Impact,
Case (meters) Second) Temperature, (0 C) (meters) (meters)
1 6.3 0 32.2 1.9 5.1

2 7.35 0 32.2 1.9 6.2

3 8.4 0 32.2 1.9 7.2

4 6.3 0.1 32.2 0.5 6.5

5 7.35 0.1 32.2 0.5 7.6

6 8.4 0.1 32.2 0.4 8.8

Horizontal compliance within 0.4 m and 6.2 m at 0 and 0.1 m/sec current speed
Vertical compliance within 5.1 m to 8.8 m at 0 and 0.1 m/sec current speed



Potential FSRUMixing Zone
Orientation

For presentation purposes only; Not to scale
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Engineering - Diffusers or High Rate
Diffuser

• Reconfiguration of discharge structures on hull:
- Velocities are 4.4 fps and 6.7 fps, <10 fps as required

for high speed diffuser definition
- FSRUa vessel with need for underway capability on

call
~ Engineering design of systems set for a sea going

vessel
- Structural hull limitations of hull due to drag from

installed diffuser
- Alteration of system has limited options due to ship

based engineering system pressure limitations



Marine Growth Prevention System

• Chlorine based macrofouling control system
- On board sodium hypochlorite generator, with
target dose of 0.5 ppm injected after sea chest

- All systems serviced by seawater withdrawal have
the potential to contain free residual chlorine
(FRC)in discharge

- Continuous monitoring of chlorine using Hach
monitoring system

- Assessing discontinuous dosing and reduced
continuous dosing as options

1 •



Sanitary Water Disinfection

• Chlorine based disinfection system

• Chlorine on-board sodium hypochlorite
generator to supply
- Install continuous monitoring system
- Disinfection of Sanitary Effluent

• Similar to POTW effluent

• WET testing requirement to meet no toxies narrative in
EQB standards



Additional Monitoring/Data Needs

• Temperature/Effluent Compliance
- Vessel need for underway capability limits engineering

and exterior structures
- Mixing zone needs

• Background data needed to characterize local
water quality

• Representative LNGCdata for discharge profiles
• Chlorine and other Potential Contaminants

- WET testing requirement
- Evaluating discontinuous chlorination as option
- Evaluating variable treatment capability
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See a's. bectloll U ct ttllte mstrucuons for defll1l!loPS of bold-Iaced terms

SPECIFIC CIUESTtCNS

I" IIl1S fae'illv a pubhcly owned Ire~tment ..wo,ks whICti .•!
-esuns 111" dlsc·harge 10waters of tt>e U.S.? tFORM 'lAI r

1

SPECIFIC QUES-ION5
i--'--- ..._...._-

0,; ""Ill 111:5. lacll:ty (erll)f'r~.";;'lIIg
"~CI'U<;Je.·.II eo"C~iiatird·· .•mlniH r.edlng··operatiGn cr
aquaticanim:al production facility wn.i.nresults II' a ,--+--+----1
discharge 10waters of the U.S." \FCRIVr ;~8,

o 'S this a proposed (acllty rottler rlMrJ mose aescnbeo In /1
or B above) ...vJ"chwlil resu.t lil 0.1discharge to waters of
the U,S."' (FORM 2DI

'C is 11:1, a faclllly wl)Iel' Clilie!1Uy results .r discharges 10
walers 01 the U.S. oiner man those oescrmed ':1 A 01 B
above? (FORM 2Ci

E Does or will ~\'hS faollty neat, store
hazardous wastes') (Fl,HM 3)

F DC) you or Will you lIllect at nus facIlity mdustua! Or
efflltent OelOW 1111' suannn

G Do YOLI or Wlil you lt1jc!C1 at trus any
0' Oilier uurds wruch are brought to tile surface III
connecuon WIHI couvenuonal ofl or natural gas production
")}E'el ti",ds used for enhanced recovery of Oil or natural
gas, or inJect tll,lds tor storaqe of liquid hydrocamolls?
\FORM 4)

'Do yOiJ 0; yoti. I
processes such as mH1!11g o( sulfur Dy tlle Frascn process,
sorunon I11lnUlgof mmerats. 111Situ cornnusnon of fossil
fLlel or reo;ovell of geolhermal enerqy? IFORM 4)

IS trus facIlity a proposed stationary source whIch IS or.e
of the 28 Induslnal categories listed in the mstruonons and
wt1lch WIll potentIally emit 100 tons per year of any all
pollutant regulated under the Clean All Act and may affect
or be located In an attainment area? (FORM 5,

J IS trns facility a proposed stationary source whICh IS
NOT one of the 28 mdustnat categories nsteo In lhe
Instructions and which Wilt potentially errut 250 tons per
year of any air pollutant regulated under ti-.e Clean All Act

. and affect or be located in an attainment area?

EPA Form 3510·'/ '.8·901 CONTINUE: ON REVERSE



ting storage regadtieation unit (PaRUI will be IIOOr-<ito an oU.bore GaaPort T••.• inel loceted in the
Sea outa1~ or Joboa Bay. The rBRU .111 regaairy l1Quethd natural gaa (LNG)auppli-<i by liquefied

1 gae oarriere ILHQCalthat will IIOOr to the a.ePort T••.• inal every 1-2 _alt. depending upon de.and trOll!
Aguirre Power Plant owned by the Puerto Rieo Ilectrie Power Authority CPRIPA). The r8gaeiUed natural gAS

11 ba dalivered via eu~arin. pipeline to the PRIPAAguirr. Power Plant .

• PRBPAAguirre Power Plant Air Permit Rulllber
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Proposed Offshore Gas Port Location

FSRU Outfalls 001A1B, 002A1B, 003A/B 004A1B OOSAIB.006A1B .007

Gas Port Outfalis. 008. 009A/B

LOCATION MAP Legend* Propo d O. hore rerm,nal

=- ProposedP'P kn Route

Sources
NOAA R.5[@! Nil\; .Ii nal Chin 25681
NOAA 0«101 0' COU, SUN J

No•••
Sounaong a,ljUyed In Ie ,at MLLW

A
Kilometers

0 025 05

0 025 05
Statute MI as

eceeete
Figure 1

Project and Outfall Locanon Map

June 2013
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lSf-awattr ~ -- 13MGO

Not

1I&\;lrr~Ga>Pon PI~lfor", - Prehm.,,~ry W.tt< B~I~",e \ 1 ~. lO-13

fire Centrol Synem Flow

fill," Flow 15 m'/I1R I

M,. fjON Q()Q m'/I1R I

m'JHR

lonunuous dlschar,~
lntenmttent dlschafee b~st"d00 rqiSlfiutlon 50chfljui

I Minimum .•••IJIPI Wlthdr~w ••1 for on demand preuure miimtance )nd servrc••supply WIll be on routlre b"~I50

1 MtJXlmlJm flow boilicd on emef8~ wlter supply operaUOf'IJI demand

lOll

.. 'S> \'G~'I~_I."."GJ :,/,.,
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EPA 10 Number icopy from Item 1 of Form 1) Form Approved

U S Enlllfonmental Protecncn gency
Washington DC 2 60

Application for Permit to Discharge Storm Water
Dis es Associated with Industrial Activ
Paperwork Reduetion Aet Notlee

Public reporting bu den for this application IS esnrnatec to average 28 6 hours per appncaron, Indudmg time for reVIewing instructions. searchong eXisting data sources,
gathertng and malntalnmg the data needed and completmg and reVIewing the conecnon of Information Send comments regarding the burden estimate any other aspect
o hiS conecuon of information or suggesllons (or ImprOVIng trus form mcludong suggestIons which may mcrease or reduce th.s burden to Chief Informa on POliCy
Branch. PM.223 US EnVIronmental ProtectIon Agency, 1200 Pennsylvania Avenue NW, Washington DC 20460 or Director Office of Information ana Regulatory
Affairs Off.ce of Management and BUdget, Washmgton, DC 20503

3 Bne( Descnpnon of Protect

B You may attach additIOnal sheets descnbing any additional water polluuon (or other enwonmental proJl!Ctswtllch may affect your discharges you now have under
way or wh ch you plan Indicate whether each program IS flOWunder way or planned and Indicate your actual or planned schedules (or construction

Attach a sue map shOWing topograpl1y (or mdlcatlng tne outnn 0 drainage areas served by the outfalls(s) covered In the applicatIon If a topographic map IS unavailable)
depoctlng the faohty InCluding each of Its Intake and dlseharg structures he dratnage area 01 each storm water outfall. paved areas and bUildings Within the drainage
area of each storm water outfall each known past or present areas used for outdoor storage of diSposal of SIgnificant matenals each eXisting structural control measure
o reduce poItutants In storm water ruflOff malenals loading and access areas, areas where pesnodes nertxodes, SOtIconcmoners ana fenlllZers are applied. each 01
Its hazardous waste treatmen storage or dIsposal untts IIndudmg each area not requneo to have a RCRA permit whIch IS used for accumulatmg hazardous waste
under 40 CFR 262.34), each well where ftulds from he faoilly re Inlected underground spnngs <'nd OIher surface water bodres wrucn rece-veo storm water discharges
from the aolrty .

EPA Form 3510·2F (1·921 Page' 0 3 Conunue on Page 2
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Figure 2 Jobos Bay Watershed and Drainage Area.
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B. ProoAde a nart ••••• descrlpIIon 0I11gn111cent m8lMelI th. are C\J1ten\tyor In Ih. put three ye.,. he••• bew1l1Hted. IIored or dtepoted In a men_ to allow expolUr.
10 slorm weier. method ol tr.•• tmenI .•• or•• or cllPOI"; ~I end pntMnl ,..eri•• f!W1agement pr8Cbe ~ed 10 mlnlmlz. conlllCl by lhe" 111811111.,.~Ih
etorm wet.r runo/f; m8i8rl ••• lo.dlng .nd acceu areal. and the loc8IIon. m.nn.r, Mld frequency In whIdl pMtlddel. herbldclu .• 01 condhloner •• and "lIIIlz.r. are
applied.

Is e propo •• d faclll~y,

PSRU will be II\OOr.dto the 0.. Pore f cllJty. Thl. w1l1 be n operatln9, IIOOrad,hip located off the COlIn of Job08 9ay
will ACt o •• Hoatlng etor*ge and regaettle.tlon unit IPSRUI thlt wUI r_"Uy liquldltled OItur,1 9.' (LNG) fr()lO I.NO

lera for uae by thl A9Ulrre Power Station oper.ted by the Puerto RICOPower Author ty (PRIPA). OperatIon. of thl. v•••• l
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1.0 Introduction
The following memorandum documents the results of the thermal discharge modeling for the
Aguirre Offshore GasPort Project. This evaluation documents the modeling of the thermal
discharges from a Floating Storage and Regasification Unit (FSRU) and a Liquidified Natural
Gas Carrier (LNGC) at the Aguirre Offshore GasPort project off the southern coast of Puerto
Rico, offshore from the inlet to Jobos Bay. Separate thermal discharges from the fixed FSRU, a
permanently moored EBRV continuously providing natural gas to the Aguirre Power Plant, and
an intermittently moored LNGC, transferring liquefied natural gas (LNG) to the FSRU will be
considered.

Discharge and Ambient Characteristics

Heated discharge properties and ambient conditions were assembled for FSRU Outfalls 001 and
002 and are summarized in Table 1. Flow rates, port diameters, orientations, and depths below
the surface were taken for vessel specification. It is assumed that the discharges exist normally
beneath the vessel hull and due to the length of the vessels, ambient currents are parallel to the
vessel. The temperature rise of 12 DC for the FSRU Outfalls was based on operating records and
renewal of the Northeast Gateway National Pollutant Discharge Elimination System (NPDES)
Permit. Less information is available for the LNGC discharge. Provided data include the 2.72
em/see discharge and the 3 DC temperature rises based on data from the Jordan Cove FElS.
Other port data were taken as the same as the FSRU Outfall 001. Ambient temperature data were
taken. Other port data were taken as the same as the FSRU Outfall 001. Ambient temperature
data were taken as the maximum mean monthly average surface temperature form the Metocean
Study (Forristall, 2010). Mean lower low water (MLLW) depths were taken from the NOAA
chart with a depth of approximately 18.3 meters. NOAA EtopoOl
(http://www.ngdc.noaa.gov/mgglgloballglobal.html) depths for the region were slightly deeper
with a value of 20.95 meters. Generally shallow depths are more critical with respect to plume
mixing so a value of 19.2 meters (applying 0.67 chart + 0.33 etopo values for estimating ambient
depth to bottom) was used. Detailed bathymetry data collected for the Aguirre Gasport Project
confirm 18.8 to 19.1 meter depth intervals at the proposed location. The location of the vessel
discharge port for Outfall 001 and 002 was modeled using the minimum and maximum depth
ranges presented in Table 1. Discharge port depth for the LNGC was assumed to be similar to
that for the FSRU (Table 1).

High current velocities tend to result in rapid mixing and high dilution rates making low current
speeds more critical for plume temperature dissipation. For this study, two cases were
considered, no ambient currents (0 m/sec) and a low ambient current speed of 0.10 meter/see
parallel to the vessel hull and normal to the discharge port orientation. Tidal current data on the
southern coast of Puerto Rico is sparse with Morelock, et al (undated) estimating maximum tidal
current speeds of 0.1 to 0.2 meters per second. Mean current are of a similar magnitude. Thus
the two current cases considered in this analysis are very conservative.

Puerto Rico has a maximum temperature criteria of 32.20 C (900 F) which with is used to define
impacted areas for the plume temperature field and the possible need for a mixing zone. The US
EPA Technical Guidance (US EPA, 1991) defines a number of approaches for defining mixing
zones based on discharge characteristic. The approach most appropriate for this situation is
defining the mixing zone as a distance equal to 50 times the discharge length scale in all
directions. The resulting mixing zone lengths are 62 and 17.5 meters (201 and 57 feet) for
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Outfalls 00 I and 002 respectively for the FSRU and 62 meters for the LNGC main condenser
discharge,

2.0 Model Selection and Approach
A number of models are available for thermal jet-plume evaluation including CORMIX
(Doneker and Jirka, 2007), VISUAL PLUMES (VP) (Frick, et aI., 2003), and JETLAG/VISIJET
(JETLAG) (Lee and Cheung, 1990: Lee and Chu, 2003; Choi and Lee, 2007) which model single
and multiport discharges into a non-evolving ambient environment. For complex discharge
situations where multiple, potentially interacting discharges, or the need to address potential
recirculation into intakes, or the presence of evolving ambient conditions, the Environmental
Fluid Dynamics Code (EFDC) model (http://www.epa.gov/ceampubllswater/efdc/index.html).is
recommended. The EFDC model is three-dimensional hydrodynamic and transport model which
includes an embedded version of JETLAG making it possible to simulate multiple intakes and
thermal discharges in high complex and evolving ambient environments.

All of the four proposed models are recognized and accepted by regulatory agencies. CORMIX
and VISUAL PLUMES were developed by US EPA and are widely used for mixing zone studies.
JETLAG is widely used internally and has been accepted for mixing zone studies in US EPA
Region 4 (Tetra Tech, 2008a, 2008b, 2010). The modeling approach used in this study is to use
all three models, CORMIX, VISUAL PLUMES and JETLAG to simulate the discharge plume
primarily since CORM IX fails to provide complex results. The relatively short trajectories to the
location meeting the 32.2° C temperature criteria indicate that recirculation into the intake and
tidal double dosing are not important and that an embedded buoyant jet in a larger scale EFDC
model is not necessary.

Table 1. FSRU and LNGC Discharge Properties
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3.0 Model Results for FSRU Outfall 001
Model results for FSRU Outfall 001 are presented in Tables 2 through 4. Results for CORMIX
are shown in Table 2. CORMIX predicts that the plume impacts the bottom but provides no
vertical trajectory prior to impact. Once the plume impacts the bottom, the plume is modeled as
a bottom attached half plume with dilution output as a function of distance from the discharge
provided. For the case based on no current and discharge depths below the surface of 5.3 and
6.35 meters, the 32.2 0 C, temperature criteria is met at 42 meters, which is within the proposed
62 meter mixing zone for Outfall 001. For the 0.10 meter/second current case, the distance to
meeting the temperature criteria is reduced to 28 meters. For the 7.4 meter discharge depth
CORMIX fails to provide solutions. Given the unsatisfactory performance of CORMIX, this
model was not considered appropriate for the set of parameters applied and shallow water depths
present. Therefore, additional simulations were conducted with VISUAL PLUMES and
JETLAG to assess the thermal discharge

Table 3 shows results for the simulation using the VISUAL UM3 module for FSRU Outfall OOI.
The model behaves quite differently than CORM IX and does not impact the bottom but
approaches the bottom and then rises towards the surface. For the three port depth cases, the no
ambient current scenario identifies the temperature criterion to be met at horizontal distances of
12.2 and 13.4 meters. Depths to meet the criteria start at 9.6 meter and decrease by
approximately a meter for the successive depths below the surface. With a 0.1 meter/see ambient
velocity, the horizontal distance is reduced 6.3 meters due to an increase in ambient water
entrainment caused by the modeled current. Depths to meet the criteria are similar to the no
current case with depths to attainment in the range of 9.6 to 11.7 meters (Table 3).

Results for the application of JETLAG to FSRU Outfall 001 are presented in Table 4. The
JETLAG model predicts bottom impact of the plume based on the edge of the plume intersecting
the bottom. However if bottom impact was based on plume center line impacting the bottom
there would be not bottom impact and the plume behavior would be similar to the falling and
rising trajectory of VISUAL PLUMES whose impact criteria were not available. For the no
ambient current case, JETLAG predicts somewhat larger horizontal distances, (15.3 meters or
less), to meeting the temperature criteria. For the 6.35 and 7.4 meter port discharge depths,
temperature at bottom impact is slightly over the criteria, but the criteria should be subsequently
reached in less than one meter due additional mixing in the bottom boundary layer. Depths at
which the temperature criterion are met are also larger than those predicted by VISUAL
PLUMES. For the cases with ambient current horizontal distance to meet the temperature
criteria are 8.6 meters, again somewhat larger than the VISUAL PLUMES predictions. Depths
at which the criteria are met range from 12.4 to 14.5 meters.

From these results it is seen that the VISUAL PLUMES and JETLAG models produce consistent
results with JETLAG being slightly more conservative in predicting longer distances to meet the
32.20 C temperature criterion. However these predicted longer distances remain well within the
proposed 62 meter mixing zone for Outfall 001. To provide a feel for VISUAL PLUMES and
JETLAG results, Figures I and 2 present the vertical plane trajectories for the 5.3 meter below
the surface discharge port cases without and with ambient current using JETLAG. JETLAG
results are presented due to JETLAG having more refined graphics capabilities than the VISUAL
PLUMES software. JETLAG predicts the possibility for the discharge plume to come into
contact with the bottom but only when considering the edge of the plume perimeter. Both
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models do predict the plume to turn and dissipate with both ambient distance and current
conditions

4.0 Model Results for FSRU Outfall 002
The discharge from FSRU Outfall 002 was simulated with only JETLAG due to limitation with
CORM IX and VISUAL PLUME handling buoyancy dominated, downward discharge angles.
The results of the JETLAG simulations are shown in Table 5. For the no ambient current
scenario, the plume is buoyancy dominated and immediately re-orients from a downward to an
upward trajectory as shown in Figure 3. The temperature criterion is met at a horizontal distance
of 1.9 meters and a vertical distance of 5.1 to 7.2 meter below the surface for the 6.3, 7.35, and
8.4 meter port discharge depths. In actuality, the near vertical plume from Outfall 002 would hug
the vessel hull as it rises to the surface. For the case with a nominal ambient current (0.1 m/sec)
the plume is slightly detlected into the horizontal plane due to the influence of the ambient
current momentum (see Figure 4) and the increased entrainment reduces the horizontal distance
to which the criteria is met is 0.5 meters or less. Depths below the water surface at which the
criteria are met range from 6.7 to 8.8 meters. The plume trajectory ends below the surface where
the plume density and ambient density differ by less than one per cent. The plume with ambient
current will also in actuality hug the vessel hull. In all cases the temperature criterion is met well
within the proposed 17.5 meter mixing zone.

5.0 Model Results for LNGC Thermal Discharge
The only information for the LNGC thermal discharge is a discharge rate of 2.72 ern/see and a
projected temperature rise of 3° C based on the characteristics of the Jordan Cove Project (FERC,
2009). In the absence of available data on port characteristics for the LNGC, the port diameter,
orientation and discharge depths for FSRU Outfa11001 were used. Due to the 32 % higher
discharge rate and four fold reduction in buoyancy, the jet plume will impact the bottom for all
discharge depths. Since the CORMIX model does not provide complete information for a
bottom impact situation, the LNGC thermal discharge was modeled only with VISUAL
PLUMES and JETLAG.

Results for the VISUAL PLUMES simulations are summarized in Table 6. VISUAL PLUMES
first output is the horizontal distance to sea bottom impact. Since the corresponding vertical
positions are above the bed, it is inferred that bottom impact will be along the plume edges
similar to JETLAG results for the FSRU predictions. Temperatures at the point of bottom
impact are much lower than the discharge temperature of 32.6° C and the criterion temperature of
32.2° C. Horizontal distances to bottom impact range from 9.4 to 12 meters, we11within the
proposed 62 meter mixing zone based to 50 times the port length scale.

To get a more detail resolution of the jet-plume and the actual locations at which the temperature
criterion will be met, JETLAG was used to simulate the 6 discharge scenarios summarized in
Table 7. For the no ambient flow scenario, the temperature criterion is met at a horizontal
distance of 0.82 meters. Corresponding depths at which the criteria are met range from 6.1 to 8.2
meters for discharges depths ranging from 5.3 to 7.4 meters. For the scenarios with a 0.1 m1sec
ambient current, the temperature criterion is met at a horizontal distance of 0.41 meters (Table 7).
Depths at which the temperature criterion are met range from 5.7 to 7.8 meters for discharge
depths ranging from 5.3 to 7.4 meters. Graphical results corresponding to the 5.3 meter
discharge depth case without and with an ambient current are shown in Figures 5 and 6,
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respectively. Due to the high moment flux and small temperature rise, the 32.2° C temperature
criterion is met within less than a port diameter distance from the vessel discharge.

S.O Potential for Bed Scour
The VISUAL PLUMES simulation for FSRU Outfall 001 did not predict interaction of the
discharge plume with the sea bottom. JETLAG predicted some potential for interaction of the
FSRU and LNGC plume edge with the sea bottom for the main condenser outfalls for all port
depths. The 7.4 meter discharge depth cases for the LNGC thermal discharges resulted in the
highest jet velocities at the point of bottom impact. Since the ambient current entrains more
slower moving ambient water as well as deflecting the plume more to the horizontal, the case
with no ambient current results in the higher impact velocity of 0.46 meters/sec. Assuming a
conservatively stress coefficient of 0.025, the 0.46 meter/see velocity produces a bed stress of
0.53 Pa (Newtons/square meter) and a corresponding shear velocity of 0.023 m/sec. For sand
beds, the stability of the bed can be determined using the Shield's criteria for incipient motion
(Garcia, 2008). For the 0.023 m/sec shear velocity, the stable sediment grain size is
approximately 1 mm, which is the boundary between coarse and very coarse sand. When the
first discharge of the plume occurs, material finer than 1 mm, if present, will be eroded with
coarser material transported as bed load and finer material as suspended load. However with the
initial removal of the fine material, the bed will be eventually be sorted and armor as the
concentration of coarse material at the be surface increases.

7.0 Summary and Conclusions
The simulations and analysis summarized in this memoranda indicate that the 32.2° C maximum
temperature criteria will be met for the FSRU and LNGC thermal discharges well within
calculated mixing zones based on the 50 times the port length scale (square root of port area) US
EPA guidance (US EPA 1991). This conclusion is strongly supported by the unique approach
of using three different buoyant jet models: CORMIX, VISUAL PLUMES and JETLAG. The
unique characteristic of the discharges and ambient conditions results in FSRU Outfall 001 and
the LNGC thermal discharge strongly interacting with the bottom or impacting the bottom. This
interaction or potential for impact was not adequate in projecting bottom trajectory. For these
two discharges, the CORMIX model did not provide the required level of results and the
VISUAL PLUMES and JETLAG models were applied and yielded consistent results. For the
initially downward but rapidly bending FSRU Outfall 002, the Lagrangian formulation of
JETLAG provided detailed information which could not be obtained from the other two models.

For the FSRU and LNGC, the achievement of the 32.2 "C temperature criterion was attained well
within the predicted mixing zones for all the modeled outfalls. The potential for interaction of
the plumes with the sea bottom could result in some re-suspension and sorting of the bottom
sediments. This effect however would be dependent upon the grain size of sediments present
and the plume velocity at impact. Fine grained sediments such as silts and clays would be
entrained and re-suspended in the water column during the early the initial start-up of the FSRU
and LNGC operations. Available data for the sediments at the proposed the offshore terminal
location indicate a mixture of coarse and shell fragments of a texture and grain size less prone to
erosion based on project plume velocities near the bottom. The discharge velocity selected for
the modeling effort chose a conservative value (the higher end of the range observed in similar
vessels) and thus affords some degrees of conservativeness in the plume modeling exercise in
predicting the interaction of thermal plume with the sea bottom.
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Table 1. FSRU and LNGC Discharge Properties

Flow ~ate, (c!lbicE1etC:?~~~rsec0l!.g) . ~,O~ ------g::?~- ._21_~ ._
J?isch,!!:~ Port Diameter, (meters) .. l.:±.__. Q:i . Lt! _
Port Area, (s uare meters) ,1.54 0.126 1 1.54:-L.. ----'_______________ -. ----.------- ..---r-----.- ---- __.__ +-_. . . ._.__
L~I!gtl~Scal~Js911a~~.r~?otof area), (I~eters) .__... jl 1.24.._ 1 __ ' 0.35_ -/-. 1.24
Port Discharge Velocity, (meters/se) ,1.34) 2.06 I 1.34

. - -.- .--- - - -- ...I • _ _ 1_' .) ._ ...

__Di_scharge At.:!gl~_f!:~.!!!~_~lt~9!~!~l,ic!.~gl~e.~~2 I__ ..-:4.5_. .__L- ~i?__"'__j.______-_~§_. __.._
Discharge Angle form Ambient Flow, (degrees) . 90 I 90 ! 90_._.- _ .. -_._-.-. '-'-'-"-"--'-'-"--'" .---- --.- .. - ------- -'-"-"'- t··.."-- --- ._- ---'-"--1' -- --.---.- - --" --""1-'''- - ---- .

J?..isch~·ge De th Rang~,J..lp.e~er~L .. L_?]_-= 7.4 ._~..--§.3.:.s..:~-....L).}_~}:!..
Discharge Temperature ...Above Ambientt" c;) J _.... 12 .l _12 .... t- ... 3.

._~.'!~~!~.~!!!_AI!!!:~~.~..~!~!?1l?~r~~l:~~.i(:.S::L._._.__. .--'.-.--.---..~?..:§-..J ---.-~:§.-..-..--t----.-~?.:~--..-..

...._Yi~!.~~.!?~2..~:!:_Q..~.tersl.__.__._.. ._.. ... 1- ---!?~-~---...----.I ..- •..-.l.?..}---.---l.-.---.1?.:~__._..__
_}I1c.:~!~T!galQI~~~~~~L9_l!I!:~_~t.~_J...f!1_t?~~~~~.~.0__.__.1 --- ..- ..Q:-..~9 ....J g.J_Q .._ ...~---.-QJQ-- - ..
_~ot _~_~~~eed..I~!!?:Qerat~lreC!:.i~~~i~,-__CC2....__.. ..J._._ .._..._~_~.~~_._.J.._.__}_~}_... 1----}2.~ __
EPA Guidance Mixing Zone (50 x length scale), I 621 I 17.5 I 62
~~~) I I

Table 2. Locations at Which Temperature Criterion Are Met for FSRU Outfall 001
Based on the CORMIX Model

* Bottom impact with no intermediate trajectory information provided
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Table 3. Locations at Which Temperature Criterion Are Met for FSRU Outfall 001
Based on the VISUAL PLUMES UM3 Model

Table 4. Locations at Which Temperature Criterion Are Met for FSRU Outfall 001
Based on the JETLAG Model

Table 5. Locations at Which Temperature Criterion Are Met for FSRU Outfall 002
Based on the JETLAG Model
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Table 6. Locations at Which Temperature Criterion Are Met for LNGC Thermal
Discharge Based on the VISUAL PLUMES UM3 Model

5
6

6.35
7.4

* Trajectory too coarse to provide near port information

Table 7. Locations at Which Temperature Criterion Are Met for LNGC Thermal
Discharge Based on the JETLAG Model

5.7.__ .._.-._-!- ...- -.--.-_ ..... - ..-.-

6.8
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